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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, Ko j i Arai, a citizen of Japan 
residing at; Kawasaki -shi, Kanagawa, Japan have invented 
certain new and useful improvements in 

COMMUNICATION METHOD AND APPARATUS FOR A RADIO LOCAL AREA 
NETWORK SYSTEM USING MACROD I VERS I T Y 

of which the following is a specification : - 



,B #I*flll 



TITLE OF THE INVENTION 

COMMUNICATION METHOD AND APPARATUS FOR A 
RADIO LOCAL AREA NETWORK SYSTEM USING MACROD I VERS I T Y 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a 
communication method and apparatus for a radio local 
area network (LAN) system, and more particularly, to a 
communication method and apparatus for a radio local 
area network (LAN) system, in which transmission 
performance may be improved by macrodiversity using a 
plurality of radio base stations . 

2. Description of the Related Art 

Recently, in a radio LAN system using a 
millimeter-wave band (for example, 30 GHz to 60 GHz), 
a very broad band transmission (for example, more than 
100-Mbps bit rate) is developing. In this case, 
taking millimeter-wave transmission performance into 
account, communication between a transmit unit and a 
receive unit needs to be a line-of -sight 
communication . 

However, for example, in a radio LAN system 
used in an office, a radio transmission path between 
the transmit unit and the receive unit may be 
interrupted by person's motion or movement of people. 
In this case, a communication signal is also 
interrupted and may not be transmitted. To prevent 
the above-discussed interruption to the communication 
signal , macrodiversity is proposed . 

FIG. 1 shows a configuration example of a 
prior-art radio LAN system using macrodiversity. In 
the prior-art radio LAN system using macrodiversity, 
inside the office, for a single terminal station 
connected to at least one terminal unit, a plurality 
of radio base stations (for example, base stations 1 
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1 to n) are provided. A signal transmitted from a 

wiring LAN system is transmitted to the plurality of 
radio base stations through a HUB (an apparatus for 
branching a network) in an asynchronous transfer mode 

5 (ATM). Then, from the plurality of radio base 

stations , the signals are simultaneously transmitted 
to the terminal station on different frequencies ( f 1 
to fn). 

When the terminal station receives the 

10 signals transmitted from the plurality of radio base 
stations, the terminal station selects an optimum one 
(for example, a signal having a highest level) of the 
received signals, and demodulates a selected signal. 
In this way, by providing a plurality of transmission 

15 paths between a transmit side and a receive side, 

influence due to the above-discussed interruption to 
the transmission signal may be prevented. In this 
case, it is noted that to provide the radio LAN system 
shown in FIG. 1, for all of the transmission paths, 

20 substantially the same desired C/N (a ratio of energy 
of a modulated carrier signal to noise energy) ratio 
is required. 

However, the following problem occurs in the 
above-discussed prior-art radio LAN system. 

25 As previously discussed, in the radio LAN 

system, broad band transmission having a transmission 
rate of more than 100 Mbps is developing. In the 
prior-art radio LAN system shown in FIG. 1, to realize 
broad band transmission or more than 100-Mbps 

30 transmission rate, it is necessary for all of the 

transmission paths to achieve substantially the same 
desired C/N ratio at a transmission rate of more than 
100 Mbps. In order to satisfy the above-discussed 
conditions, for all of the radio base stations, 

35 excessive transmit power is required, and antenna gain 
of all the radio base stations and the terminal 
station needs to be further increased. 



- 3 - 



1 Further, in the prior-art radio LAN system, 

a number of carriers corresponding to a number of 
radio base stations is required. Therefore, a broad 
transmission frequency band is required for the number 

5 of radio base stations, and, thus, efficient use of 
frequencies may be degraded. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 

10 provide a communication method and apparatus for a 

radio LAN system using a macrodiversity function. In 
the method and apparatus, a broad band transmission 
may be provided with relatively low transmit power, 
relatively low antenna gain, and a relatively narrower 

15 transmission frequency band. This permits the 
disadvantages described above to be eliminated. 

The object described above is achieved by a 
communication method for a radio LAN system having a 
communication at a first transmission rate, the method 

20 comprising the steps of : ( a ) time-divisionally 

distributing a first signal of the first transmission 
rate into n-1 second signals (n = 3, 4, ...); (b) 
respectively converting the n-1 second signals into n- 
1 third signals of a second transmission rate less 

25 than the first transmission rate; and (c) transmitting 
the n-1 third signals of the second transmission rate 
through radio transmission paths between n-1 radio 
base stations and a terminal station connected to at 
least one terminal unit . 

30 The object described above is also achieved 

by the method mentioned above, wherein the second 
transmission rate is l/(n-l) of the first transmission 
rate. 

The object described above is also achieved 
35 by a communication apparatus for a radio LAN system 
which provides communication at a first transmission 
rate, the apparatus comprising: a rate-conversion-and- 
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1 distribution circuit for time-divisionally 

distributing a first signal of the first transmission 
rate into n-1 second signals (n = 3, 4, ...) and 
respectively converting the n-1 second signals into n- 

5 1 third signals of a second transmission rate less 

than the first transmission rate; and n-1 radio base 
stations transmitting the n-1 third signals of the 
second transmission rate to a terminal station 
connected to at least one terminal unit through radio 

10 transmission paths. 

The object described above is also achieved 
by the apparatus mentioned above, wherein the second 
transmission rate is l/(n-l) of the first transmission 
rate. 

15 The object described above is also achieved 

by a terminal station used in a radio LAN system 
having a rate-conversion-and-distribution circuit for 
time-divisionally distributing a first signal of a 
first transmission rate into n-1 second signals (n = 

20 3, 4, ...) and respectively converting the n-1 second 
signals into n-1 third signals of a second 
transmission rate less than the first transmission 
rate, and n-1 radio base stations transmitting the n-1 
third signals of the second transmission rate to the 

25 terminal station connected to at least one terminal 
unit through radio transmission paths, the terminal 
station comprising: a receiver receiving the third 
signals of the second transmission rate transmitted 
from the n-1 radio base stations; and a rate- 

30 conversion- and-multiplex circuit for converting and 
multiplexing received third signals of the second 
transmission rate into signals of the first 
transmission rate. 

According to the above-discussed method for 

35 the radio LAN system, apparatus for the radio LAN 
system, and terminal station used in the radio LAN 
system, a fast transmission rate signal is converted 
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1 to a lower -transmission rate signal, and the lower 

transmission rate signal is transmitted through radio 
transmission paths from a plurality of radio base 
stations to the terminal station. Therefore, under 

5 the same transmit power from the radio base stations, 
a ratio of a modulated signal to noise (C/N) of the 
lower transmission rate signal may be larger than that 
of the fast transmission rate signal. 

Namely, in order to obtain a desired C/N, 

10 using the lower transmission rate signal, the transmit 
power of the radio base station may be reduced, and 
also, antenna gain of the radio base station and the 
terminal station may be reduced. As a result, power 
consumption of the radio LAN system may be reduced. 

15 Further, a relatively simplified antenna is applicable 
for the radio LAN system. 

The object described above is also achieved 
by the method mentioned above, wherein: the radio LAN 
system further comprises at least one redundant radio 

20 base station n; and the method further comprises the 
steps of: (d) transmitting a fourth signal through a 
radio transmission path between the terminal station 
and the at least one redundant radio base station n, 
data of the fourth signal having a given relationship 

25 with data in signals transmitted between at least k 
(k<(n-l)) radio base stations of the n-1 radio base 
stations and the terminal station; and (e) 
compensating, when at least one transmission path 
between the at least k radio base stations and the 

30 terminal station is interrupted, data of the signal to 
be transmitted through an interrupted transmission 
path based on the data of the fourth signal 
transmitted between the at least one redundant radio 
base station n and the terminal station. 

35 The object described above is also achieved 

by the method mentioned above, wherein the given 
relationship in the step (d) is that the data of the 
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1 fourth signal transmitted between the at least one 
redundant radio base station n and the terminal 
station is a summation of data of the signals 
transmitted between the at least k radio base stations 

5 and the terminal station for each given time slot. 

The object described above is also achieved 
by the method mentioned above, wherein: the radio LAN 
system further comprises at least one redundant radio 
base station n; and the method further comprises the 

10 steps of: (f) monitoring interruption of transmission 
paths between the n-1 radio base stations and the 
terminal station; and (g) compensating, when one of 
the transmission paths is interrupted, data of an 
interrupted transmission path by transmitting the data 

15 of the interrupted transmission path between the at 
least one redundant radio base station n and the 
terminal station. 

The object described above is also achieved 
by the apparatus mentioned above, further comprising: 

20 at least one summation circuit for generating a fourth 
signal by summing data of at least k (k<(n-l)) signals 
of the n-1 third signals of the second transmission 
rate for every timeslot; and at least one redundant 
radio base station n transmitting the fourth signal 

25 generated in the at least one summation circuit to the 
terminal station . 

The object described above is also achieved 
by the apparatus mentioned above, further comprising: 
at least one redundant radio base station n 

30 transmitting a signal to the terminal station; a line 
monitoring circuit for monitoring interruption of 
transmission paths between the n-1 radio base stations 
and the terminal station; and a switching circuit, 
when at least one of the transmission paths is 

35 interrupted, for forwarding a signal to be transmitted 
through an interrupted transmission path to the at 
least one redundant radio base station n. 
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1 The object described above is also achieved 

by a terminal station used in a radio LAN system 
having a rate-conversion-and-distribution circuit for 
time-divisionally distributing a first signal of a 

5 first transmission rate into n-1 second signals (n = 
3, 4, . and respectively converting the n-1 second 
signals into n-1 third signals of a second 
transmission rate less than the first transmission 
rate, n-1 radio base stations transmitting the n-1 

10 third signals of the second transmission rate to the 
terminal station connected to at least one terminal 
unit through radio transmission paths, at least one 
first summation circuit for generating a fourth signal 
by summing data of at least k (k<(n-l)) signals of the 

15 n-1 third signals of the second transmission rate for 
every timeslot, and at least one redundant radio base 
station n transmitting the fourth signal generated in 
the at least one first summation circuit to the 
terminal station, the terminal station comprising: a 

20 receiver receiving the third signals of the second 

transmission rate transmitted from the n-1 radio base 
stations; a rate-conversion-and-multiplex circuit for 
converting and multiplexing received third signals of 
the second transmission rate into signals of the first 

25 transmission rate; a line monitoring circuit for 

monitoring interruption of transmission paths between 
the n-1 radio base stations and the terminal station; 
at least one second summation circuit, when at least 
one of the transmission paths is interrupted, for 

30 generating a fifth signal by summing every timeslot 

data of at least k signals of signals transmitted from 
the n-1 radio base stations except for a signal to be 
transmitted through an interrupted transmission path; 
at least one subtraction circuit for generating 

35 subtraction data between data of the signal 

transmitted from the redundant radio base station n 
and data of the fifth signal generated in the second 
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1 summation circuit; and a switching circuit for 
providing the subtraction data generated in the 
subtraction circuit to the rate-conversion-and- 
multiplex circuit instead of providing data of an 

5 interrupted signal detected in the monitoring circuit; 
wherein even if at least one of signals transmitted 
from the n-1 radio base stations is interrupted, data 
of the interrupted signal is compensated. 

The object described above is also achieved 

10 by a terminal station used in a radio LAN system 

having a rate-conversion-and-distribution circuit for 
time-divisionally distributing a first signal of a 
first transmission rate into n-1 second signals (n = 
3, 4, . . . ) and respectively converting the n-1 second 

15 signals into n-1 third signals of a second 

transmission rate less than the first transmission 
rate, n-1 radio base stations transmitting the n-1 
third signals of the second transmission rate to the 
terminal station connected to at least one terminal 

20 unit through radio transmission paths, at least one 
redundant radio base station n transmitting a signal 
to the terminal station, a first line monitoring 
circuit for monitoring interruption of transmission 
paths between the n-1 radio base stations and the 

25 terminal station and a first switching circuit when at 
least one of the transmission paths is interrupted, 
for forwarding a signal to be transmitted through an 
interrupted transmission path to the at least one 
redundant radio base station n; the terminal station 

30 comprising: a receiver receiving the third signals of 
the second transmission rate transmitted from the n-1 
radio base stations; a rate-conversion-and-multiplex 
circuit for converting and multiplexing received third 
signals of the second transmission rate into signals 

35 of the first transmission rate; a second line 

monitoring circuit for monitoring interruption of 
transmission paths between the n-1 radio base stations 



- 9 - 



1 and the terminal station; and a second switching 

circuit, when at least one of the transmission paths 
is interrupted, for providing the signal transmitted 
from the redundant radio base station to the rate- 

5 conversion-and-multiplex circuit instead of providing 
a signal to be transmitted through an interrupted 
transmission path; wherein even if at least one of 
signals transmitted from the n-1 radio base stations 
is interrupted, data of the interrupted signal is 

10 compensated. 

According to the above-discussed method for 
the radio LAN system, the apparatus for the radio LAN 
system, and the terminal station used in the radio LAN 
system, in order to establish a fast data 

15 communication, the lower transmission rate data is 

transmitted through a plurality of radio transmission 
paths. Further, an additional redundant radio 
transmission path is provided, and the data in the 
interrupted transmission path is compensated. 

20 Therefore, the transmit power and the 

antenna gain in the radio LAN system may be reduced, 
and also, a compensating function of the data of the 
interrupted transmission path may be obtained. As a 
result, a higher-rate- ( broad band) data- transmission 

25 radio LAN system may be realized. 

Further, since a required frequency band for 
transmission between the respective radio base 
stations and the terminal station may be reduced, even 
if taking a frequency band required for the redundant 

30 radio base station into account, usage frequency band 
for the radio LAN system may be significantly reduced. 

Particularly, in the above-discussed 
specified system, the signal to be transmitted through 
the interrupted transmission path may be flexibly 

35 allocated to the redundant radio transmission path. 

Therefore, even when the transmission paths, a number 
thereof being the same as a number of the redundant 
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1 radio transmission paths, are interrupted, signal data 

of the interrupted transmission paths may be 

efficiently compensated. 

Other objects and further features of the 
5 present invention will be apparent from the following 

detailed description when read in conjunction with the 

accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 FIG. 1 shows a configuration example of a 

prior-art radio local are network (LAN) system using a 
macrodiver sity ; 

FIG. 2 shows a block diagram of a first 
embodiment of a radio LAN system according to the 
15 present invention; 

FIG. 3 shows illustrations for explaining an 
operation of a data-rate conversion part shown in FIG. 
2. A signal A indicates an input signal, signals B 
indicate temporally divided signals, and signals C 
20 indicate output signals for respective radio base 
stations after rate conversion; 

FIG. 4 shows an illustration for explaining 
a relationship between signal data for radio base 
stations 1 to 3 and signal data for a redundant radio 
25 base station n, the signal data for the radio base 

stations 1 to n being provided in the signals C shown 
in FIG. 3; 

FIG. 5 shows a configuration example of the 
data-rate conversion part and the radio base stations 
30 shown in FIG. 2; 

FIG. 6 shows a configuration example of a 
terminal station shown in FIG. 2; 

FIG. 7 shows a block diagram of a second 
embodiment of the radio LAN system according to the 
3 5 present invention ; 

FIG. 8 shows a configuration example of a 
data-rate conversion part and radio base stations 
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1 shown in FIG. 7; 

FIG. 9 shows a configuration example of a 
terminal station shown in FIG. 7; 

FIG. 10 shows a block diagram of a third 
5 embodiment of the radio LAN system according to the 
present invention; 

FIG. 11 shows a configuration example of a 
data-rate conversion part and radio base stations 
shown in FIG. 10; 
10 FIG. 12 shows a block diagram of a fourth 

embodiment of the radio LAN system according to the 
present invention ; and 

FIG. 13 shows a configuration example of a 
data-rate conversion part and radio base stations 
15 shown in FIG. 12. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First, a description will be given of a 
first embodiment of a radio LAN system according to 

20 the present invention, by referring to FIG. 2 to FIG. 
6. FIG. 2 shows a block diagram of the first 
embodiment of the radio LAN system according to the 
present invention. FIG. 3 shows illustrations for 
explaining an operation of a data-rate conversion part 

25 shown in FIG. 2. A signal A indicates an input 

signal, signals B indicate temporally divided signals, 
and signals C indicate output signals for respective 
radio base stations after rate conversion. 

FIG. 4 shows an illustration for explaining 

30 a relationship between signal data for radio base 

stations 1 to 3 and signal data for a redundant radio 
base station n, the signal data for the radio base 
stations 1 to n being provided in the signals C shown 
in FIG. 3. FIG. 5 shows a configuration example of 

35 the data-rate conversion part and the radio base 
stations shown in FIG. 2. FIG. 6 shows a 
configuration example of a terminal station shown in 
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FIG- 2. 

In the radio LAN system according to the 
present invention shown in FIG. 2, inside an office, 
for a single terminal station 10 connected to at least 
one terminal unit, a plurality of radio base stations 
(in this case, a radio base station 1, a radio base 
station 2, a radio base station k (=3), and a radio 
base station n are provided. 

In the first embodiment shown in FIG. 2, the 
radio base station n is used for the redundant radio 
base station (discussed in detail later). A signal 
transmitted from an external wiring LAN system is 
provided to a data-rate conversion part 20 through a 
HUB in an ATM. This input signal is represented by 
the signal A shown in FIG. 3. The input signal 
contains a signal for a terminal unit A, a signal for 
a terminal unit B, and a signal for a terminal unit C 
in addition to a discrimination signal. 

Different case can exist in a connecting 
relation between the terminal station 10 and the 
terminal units A to C. For example, in one case, for 
each terminal station, the terminal unit is provided. 
In another case, a plurality of terminal units belong 
to a single terminal station. In either cases, by an 
address provided for each data, each data may be 
properly transmitted to an addressed terminal unit. 

In the data-rate conversion part 20, as 
shown in the signals B in FIG. 3, the discrimination 
signal and the respective terminal -unit signals 
contained in the input signal A are time-divisionally 
divided into three signals for the radio base stations 
1 to k (in the embodiment, k = 3) for each of the 
timeslots . 

Further, as shown in the upper three signals 
of the signals C in FIG. 3, respective rates of the 
three divided signals are converted to three lower- 
rate signals. In this embodiment, the converted rate 
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1 is one-third of the input-signal data rate. Namely, 

in general, the input-signal data rate is converted to 
one divided by the number of radio base stations n-1 
(in this case, k=n-l). 

5 Also, as shown in the bottom signal of the 

signals C in FIG. 3, for the redundant radio base 
station n, specified data which has a given 
relationship with the data of the divided three 
signals is generated. For example, as shown in FIG. 

10 4, the signal data for the redundant radio base 
station n may be set as a summation of the three 
signal data for the radio base stations 1 to k. 

The above-discussed operation may be carried 
out by the configuration example of the data-rate 

15 conversion part 20 shown in FIG. 5. In a rate- 

conversion-and-distribution circuit 22 of the data- 
rate conversion part 20 shown in FIG. 5, the input 
signal shown in the signal A of FIG. 3 is converted to 
the upper three signal data of the signals C in FIG. 

20 3. Subsequently, in a summation circuit 24, the three 
signal data for the radio base stations 1 to k are 
summed with each other to produce the signal data for 
the redundant radio base station n. In FIG. 5, for 
example, when a 156-Mbps transmission signal is 

25 provided from the wiring LAN system through the ATM- 
HUB, three 52-Mbps (= 156 Mbps / 3) transmission 
signals are transmitted to the radio base stations 1 
to 3 and the redundant radio base station n. 

Next, the four lower-rate-converted signals 

30 shown in the signals C of FIG. 3 are respectively 

transmitted to the terminal station 10. The terminal 
station 10 receives the above-discussed four signals 
through antennas and receivers corresponding to the 
four radio base stations. 

35 As shown in FIG. 6, the terminal station 10 

has a rate-conversion-and-multiplex circuit 11 which 
converts the transmission rate (in this case, 52 Mbps) 
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of the three signals transmitted from the radio base 
stations 1 to 3 and multiplexes them to reproduce an 
original fast rate signal (shown in the signal A of 
FIG. 3, 156 Mbps). The reproduced 156-Mbps signal 
contains the signal for the terminal unit A, the 
signal for the terminal unit B, and the signal for the 
terminal unit C. If only the terminal unit A is 
connected to the terminal station 10, only the signal 
for the terminal unit A is provided to the terminal 
unit A from the reproduced 156-Mbps signal. 

As discussed above, in the radio LAN system 
according to the present invention, the fast-rate 
transmission signal transmitted from the wiring LAN 
system is converted to the lower-rate transmission 
signal, and is transmitted from the plurality of radio 
base stations to the terminal station 10, Therefore, 
under the same transmit power, a ratio of the 
modulated signal to noise (C/N ratio) in the lower- 
rate transmission signal becomes large as compared to 
that in the fast-rate transmission signal. Namely, in 
order to obtain the desired C/N ratio, in a case of 
the lower-rate transmission signal, the transmit power 
of the radio base station may be reduced, and the 
antenna gains of the radio base stations and the 
terminal station may also be reduced. Therefore, 
power consumption of the radio LAN system may be 
reduced, and a relatively simplified antenna is usable 
for the radio LAN system. 

Next, a description will be given of an 
operation of the radio LAN system according to the 
present invention when one of the three transmission 
paths between the radio base stations 1 to 3 and the 
terminal station 10 is interrupted. In the following, 
for example, as shown in FIG. 2, a case where the 
transmission path between the radio base station 3 and 
the terminal station 10 is interrupted will be shown. 

In the terminal station 10 shown in FIG. 6, 



the three signals transmitted from the radio base 
stations 1 to 3 are respectively monitored by 
interruption detection circuits 12-1, 12-2, 12-3, and 
which transmission path has been interrupted may be 
determined by an interruption detection control 
circuit 14. The interruption detection circuits 12-1, 
12-2, 12-3 may be easily constructed with, for 
example, an RF level detector, etc. 

Further, in FIG. 6, in the same way as the 
summation circuit 24 in the data-rate conversion part 
20 shown in FIG. 5, the three signals from the radio 
base stations 1 to 3 are summed for each given 
timeslot in a summation circuit 13. In this case, 
when signal data transmitted from the interrupted 
transmission path is substantially random data due to 
noise, the interruption detection control circuit 14 
controls the signal data transmitted from the 
interrupted transmission path not to be added to the 
summation or to be all zero. 

Therefore, in a subtraction circuit 15, when 
summed data from the summation circuit 13 is 
subtracted from the signal data transmitted from the 
redundant radio base station n, the subtraction 
circuit 15 may produce correct original signal data on 
the interrupted transmission path. Further, the 
interruption detection control circuit 14 controls a 
switching circuit 16 to insert the correct original 
signal data from the subtraction circuit 15 into the 
interrupted transmission path. 

The above-discussed operation may be 
commonly represented by the following equation. 

data k = data n - {data 1 + ... data (k-1) + 
data (k+1) + ... data (n-1)}, 

where data i indicates data transmitted from a 
radio base station i to the terminal station 10. 
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1 By the above-discussed operation, the signal 

data lost due to interruption of the transmission path 
may be compensated. In the prior-art radio LAN system 
using macrodiversity , fast-rate data is transmitted to 
5 the terminal station through a plurality of radio 
transmission paths, the signal data lost due to 
interruption of the transmission path is intended to 
be compensated by signal data transmitted through 
another transmission path. 
10 On the contrary, in the radio LAN system 

according to the present invention, in order to carry 
out a data communication at the same fast-rate 
transmission, the lower-rate data is transmitted to 
the terminal station through a plurality of 
15 transmission paths, and also, an additional redundant 
transmission path is provided. As a result, the lost 
data in the interrupted transmission path may be 
positively compensated. 

Therefore, as discussed previously, the 
20 transmit power and the antenna gain may be reduced, 
and data compensation function in the interrupted 
transmission path may be positively obtained. As a 
result, the radio LAN system with higher-rate (broad 
band) data transmission may be realized. 
25 In the above-discussed radio LAN system 

according to the present invention, the given 
relationship described in the data-rate conversion 
part 20 shown in FIG. 2 is not limited to a summation 
operation. Namely, when the transmission path is 
30 interrupted, lost data in the interrupted transmission 
path may be determined from the other signal data by 
any operation, the operation is applicable for the 
data-rate conversion part 20. 

Next, a description will be given of a 
35 second embodiment of the radio LAN system according to 
the present invention, by referring to FIG. 7 to FIG. 
9. FIG. 7 shows a block diagram of the second 
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embodiment of the radio LAN system according to the 
present invention. FIG* 8 shows a configuration 
example of a data-rate conversion part and radio base 
stations shown in FIG. 7. FIG. 9 shows a 
configuration example of a terminal station shown in 
FIG. 7, 

The second embodiment of the radio LAN 
system shown in FIG. 7 has substantially the same 
operation as that of the first embodiment of the radio 
LAN system shown in FIG. 2. In the radio LAN system 
shown in FIG. 7, in addition to a plurality of 
conventional radio base stations 1 to n-1 (in an 
example of FIG. 7, to simplify the description, only 
the radio base stations 1, 2 are shown), a plurality 
of redundant radio base stations (radio base stations 
n, n+1, in FIG. 7) are provided. 

Namely, in the second embodiment shown in 
FIG. 7, in the same way as the data-rate conversion 
part 20 shown in FIG. 2, in a data-rate conversion 
part 40, the signal (for example, 156 Mbps) 
transmitted from the wiring LAN system through the 
ATM-HUB is distributed into (n-1) signals 
corresponding to the radio base stations 1 to n-1. 
Further, the distributed signals are converted to 
lower-rate signals (for example, 156/(n-l) Mbps). The 
above-discussed operation is carried out in a rate- 
conversion-and-distribution circuit 42 shown in FIG. 
8. 

Further, in the data-rate conversion part 40 
shown in FIG. 8, the signals for the (n-1) 
conventional radio base stations are distributed into 
two groups of signals (for example, odd-number radio 
base stations and even-number radio base stations ) . 
In summation circuits 44-1, 44-2, the two groups of 
signals are respectively summed for each given 
timeslot to generate two signals for the redundant 
radio base station n and the redundant radio base 
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station n+1. 

The rate-converted signals produced from the 
data-rate conversion part 40 are respectively 
transmitted to the terminal station 30 on the lower 
frequency band through the radio base stations 1 to 
n+1. 

In the terminal station 30 shown in FIG. 9, 
signals received from the radio base stations 1 to n-1 
are provided to a rate-conversion-and-multiplex 
circuit 31. The rate-conversion-and-multiplex circuit 
31 converts the received signals into original-fast- 
rate (156Mbps) signals, and multiplexes the received 
signals to reproduce an original signal transmitted 
from the wiring LAN system. 

In the same way as the terminal station 10 
shown in FIG. 6, the terminal station 30 has 
interruption detection circuits 32-1 to 32- (n-1) on 
transmission paths for the radio base stations 1 to n- 
1 and an interruption detection control circuit 34 
connected to the interruption detection circuits 32-1 
to 32- (n-1). The interruption detection control 
circuit 34 may detect which transmission path has been 
interrupted . 

Further, in FIG. 9, in the same way as the 
data-rate conversion part 40, signals transmitted from 
the radio base stations 1 to n-1 are distributed into 
two groups of signals (in this case, signals from the 
odd-number radio base stations, and signals from the 
even-number radio base stations). In summation 
circuits 33-1, 33-2, the two groups of signals are 
respectively summed for each given timeslot. 

At this time, when a certain transmission 
path is interrupted, since the signal data transmitted 
from the interrupted transmission path is 
substantially random data due to noise, the 
interruption detection control circuit 34 controls the 
signal data transmitted from the interrupted 
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1 transmission path not to be added to the summation or 
to be all zero. 

Further, in subtraction circuits 35-1, 35-2, 
when summed data from the summation circuits 33-1, 33- 

5 2 is respectively subtracted from the signal data 

transmitted from the redundant radio base stations n 
and n+1, one of the subtraction circuits 35-1, 35-2 
may produce correct original signal data of the 
interrupted transmission path. Further, the 

10 interruption detection control circuit 34 controls a 
switching circuit 34 to insert the correct original 
signal data from one of the subtraction circuits 35-1, 
35-2 into the interrupted transmission path. 

Namely when the transmission path for the 

15 odd-number radio base station is interrupted, the 
correct signal data is inserted by the subtraction 
circuit 35-1, and when the transmission path for the 
even-number radio base station is interrupted, the 
correct signal data is inserted by the subtraction 

20 circuit 35-2. 

According to the above-discussed radio LAN 
system, in the same way as the radio LAN system shown 
in FIG. 2, an advantage by the lower-rate radio 
transmission is provided. Further, even when two 

25 transmission paths ( in the different groups) are 

simultaneously interrupted, the signal data of the 
interrupted transmission paths may be positively 
compensated . 

In the radio LAN system shown in FIG. 7, the 

30 transmission paths between the radio base stations and 
the terminal station 30 are distributed into the two 
groups of signals, and the two redundant radio base 
stations are provided. However, by providing an 
additional number of groups of transmission paths and 

35 an additional number of redundant radio base stations, 
compensating performance for the interrupted data may 
be improved . 
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1 Next, a description will be given of a third 

embodiment of the radio LAN system according to the 
present invention, by referring to FIG. 10 and FIG* 
11. FIG. 10 shows a block diagram of the third 

5 embodiment of the radio LAN system according to the 
present invention. FIG. 11 shows a configuration 
example of a data-rate conversion part and radio base 
stations shown in FIG. 10. A terminal station 50 
shown in FIG. 10 has substantially the same 

10 configuration as that of the data-rate conversion part 
and the radio base stations shown in FIG. 11. 

In the radio LAN system according to the 
present invention shown in FIG. 10, inside the office, 
for the single terminal station 50 connected to at 

15 least one terminal unit, a plurality of radio base 
stations (in this case, radio base stations 1 to n) 
are provided. In the third embodiment shown in FIG. 
10, the radio base station n is used for the redundant 
radio base station. Further, between the respective 

20 radio base stations and the terminal station 50, two- 
way communications are established. Therefore, as 
shown in FIG. 11, in each radio base station 
(including a data-rate conversion part 60) and the 
terminal station 50, a transmitter, the rate- 

25 conversion-and-distribution circuit, and the rate- 
conversion-and-multiplex circuit are respectively 
provided. 

Further, because of the two-way 
communication, by monitoring an up-link transmission 

30 path from the terminal station 50 to the radio base 
station, the radio base station also may monitor 
whether the transmission path is interrupted (referred 
to as an interruption state). Therefore, as shown in 
FIG. 10 and FIG. 11, in the data-rate conversion part 

35 60, an up-link monitoring mechanism comprising 

interruption detection circuits 66-1 to 66-(n-l) and 
an interruption detection control circuit 67 is 
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1 provided. 

In the following, a description will be 
given of an operation of the radio LAN system shown in 
FIG. 10. 

5 The signal transmitted from the external 

wiring LAN system is provided to the data-rate 
conversion part 60 through the ATM-HUB. In the same 
way as the first embodiment of the radio LAN system 
shown in FIG. 2, the input signal is distributed into 

10 a plurality of signals, each having a l/(n-l) of the 

input-signal T s transmission rate. Distributed signals 
are transmitted of the terminal station 50 through the 
radio base stations 1 to n-1. 

In this case, to the signal for the 

15 redundant radio base station n, one of the signals for 
the radio base stations 1 to n-1 may be allocated by a 
switching circuit 64 . 

In the terminal station 50, in the same 
operation as that of the radio LAN system shown in 

20 FIG. 2, received signals from the radio base stations 
1 to n-1 are provided to a rate-conversion-and- 
multiplex circuit 61 to be converted and multiplexed 
into an original fast-rate (156 Mbps) signal. As a 
result, an original signal which has been transmitted 

25 from the wiring LAN system is reproduced. 

In the same way, because of the two-way 
communication, the lower-rate signals which are 
converted and distributed in the terminal station 50 
are transmitted to the respective radio base stations 

30 1 to n-1, and are converted and multiplexed to the 

original fast-rate signal in the rate-conversion-and- 
multiplex circuit 61 of the data-rate conversion part 
60 to reproduce the signal to be transmitted to the 
wiring LAN system. 

35 As shown in FIG. 10, when the transmission 

paths between the radio base station k and the 
terminal station 50 is interrupted, the interrupted 
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transmission path is detected by the up-link 
monitoring mechanism in the data-rate conversion part 
60. Subsequently , by the switching circuit 64, the 
signal data in the interrupted transmission path (data 
from the radio base station k) is transmitted to the 
redundant radio base station n, and is transmitted to 
the terminal station 50. 

In the terminal station 50, a down-link 
monitoring mechanism having the same configuration as 
that of the up-link monitoring mechanism is provided. 
Therefore, the terminal station 50 also detects the 
interrupted transmission path. Accordingly, by a 
switching circuit (corresponding to the switching 
circuit 63 in the data-rate conversion part 60), the 
data transmitted from the radio base station n is used 
instead of the data from the radio base station k. 

In the above-discussed operation, by using 
the down- link monitoring mechanism in the terminal 
station 50, the terminal station 50 may detect the 
interrupted transmission path. However, also by 
providing information of an output result (the 
interrupted transmission path) of the up-link 
monitoring mechanism into the data transmitted from 
the radio base station n to the terminal station 50, 
the terminal station 50 may detect the interrupted 
transmission path from that information in order to 
control the switching circuit. 

Next, a description will be given of a 
fourth embodiment of the radio LAN system according to 
the present invention, by referring to FIG. 12 and 
FIG. 13. FIG. 12 shows a block diagram of the fourth 
embodiment of the radio LAN system according to the 
present invention. FIG. 13 shows a configuration 
example of a data-rate conversion part and radio base 
stations shown in FIG. 12. A terminal station 70 
shown in FIG. 12 has substantially the same 
configuration as that of the data-rate conversion part 
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and the radio base stations shown in FIG. 13. 

The fourth embodiment of the radio LAN 
system shown in FIG. 12 has substantially the same 
operation as that of the third embodiment of the radio 
LAN system shown in FIG. 10. In the radio LAN system 
shown in FIG. 12, in addition to a plurality of 
conventional radio base stations 1 to n-1 (in an 
example of FIG. 12, to simplify the description, only 
the radio base stations 1, 2 are shown), a plurality 
of redundant radio base stations (radio base stations 
n, n+1) are provided. 

In the fourth embodiment shown in FIG. 12, 
the operations, in which the signal transmitted from 
the wiring LAN system through the ATM-HUB is 
transmitted to a terminal station 70 through a data- 
rate conversion part 80 and the radio base stations 1 
to n-1, and an operation that the signal produced from 
the terminal station 70 is transmitted to the wiring 
LAN system through the radio base stations 1 to n-1 
and the data-rate conversion part 80, are 
substantially the same as the operations of the third 
embodiment of the radio LAN system shown in FIG. 10. 
Therefore, also in the fourth embodiment of the radio 
LAN system, between the radio base stations 1 to n-1 
and the terminal station 70, the signals may be 
transmitted at the lower transmission rate. 

Further, in the fourth embodiment shown in 
FIG. 12, different from the third embodiment shown in 
FIG. 10, the redundant radio base station n+1 is 
additionally provided. As shown in FIG. 13, the 
redundant radio base station n+1 with the redundant 
radio base station n is connected to a switching 
circuit 84. In the switching circuit 84, by an up- 
link monitoring mechanism constructed with 
interruption detection circuits 86-1 to 86-(n-l) and 
an interruption detection control circuit 87 , data to 
be transmitted to the radio base station on an 
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interrupted transmission path is controlled to be 
transmitted to the redundant radio base station n or 
the redundant radio base station n+1. 

In the same way as a down-link transmission 
path, the redundant radio base station n+1 with the 
redundant radio base station n is connected to a 
switching circuit 83 . In the switching circuit 83, by 
the down-link monitoring mechanism, instead of data 
transmitted from the radio base station through the 
interrupted transmission path, data transmitted from 
the redundant radio base station n or the redundant 
radio base station n+1 is selected and is provided to 
a rate-conversion-and-multiplex circuit 81. 

In the above-discussed operation, when one 
of the transmission paths between the radio base 
stations 1 to n-1 and the terminal station 70 is 
interrupted, the redundant radio base station n is 
used. Further, when two of the transmission paths are 
simultaneously interrupted, the redundant radio base 
station n and the redundant radio base station n+1 are 
used. 

As discussed above, in the fourth embodiment 
of the radio LAN system, in the same way as the radio 
LAN system shown in FIG. 10, advantages based on the 
lower-rate radio transmission may be obtained. 
Further, even when a plurality of transmission paths 
are simultaneously interrupted, the signal data of the 
interrupted transmission paths may be positively 
compensated . 

In the fourth embodiment of the radio LAN 
system shown in FIG. 12, the two redundant radio base 
stations are provided. However, by providing an 
additional number of redundant radio base stations, 
data of an additional number of interrupted 
transmission paths may be compensated while obtaining 
the advantages based on the lower-rate radio 
transmission. 
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Further , the present invention is not 
limited to these embodiments, but other variations and 
modifications may be made without departing from the 
scope of the present invention. 
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WHAT IS CLAIMED IS: 



1. A communication method for a radio LAN 
system providing communication at a first transmission 
rate, said method comprising the steps of: 

(a) time-divisionally distributing a first 
signal of said first transmission rate into n-1 second 
signals (n = 3, 4, . ..); 

(b) respectively converting said n-1 second 
signals into n-1 third signals of a second 
transmission rate less than said first transmission 
rate ; and 

(c) transmitting said n-1 third signals of 
said second transmission rate through radio 
transmission paths between n-1 radio base stations and 
a terminal station connected to at least one terminal 
unit. 



2. The method as claimed in claim 1, wherein 
said second transmission rate is l/(n-l) of said first 
transmission rate. 



3. The method as claimed in claim 1, 

wherein: 

said radio LAN system further comprises at 
least one redundant radio base station n; and 

said method further comprises the steps of: 
(d) transmitting a fourth signal through a 
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radio transmission path between said terminal station 
and said at least one redundant radio base station n, 
data of said fourth signal having a given relationship 
with data in signals transmitted between at least k 
(k<(n-l)) radio base stations of said n-1 radio base 
stations and said terminal station; and 

( e ) compensating , when at least one 
transmission path between said at least k radio base 
stations and said terminal station is interrupted, 
data of the signal to be transmitted through an 
interrupted transmission path based on said data of 
said fourth signal transmitted between said at least 
one redundant radio base station n and said terminal 
station. 



4. The method as claimed in claim 3, wherein 
said given relationship in said step (d) is that said 
data of said fourth signal transmitted between said at 
least one redundant radio base station n and said 
terminal station is a summation of data of the signals 
transmitted between said at least k radio base 
stations and said terminal station for each given time 
slot. 



5. The method as claimed in claim 1, 

wherein: 

said radio LAN system further comprises at 
least one redundant radio base station n; and 

said method further comprises the steps of: 
(f) monitoring interruption of transmission 
paths between said n-1 radio base stations and said 
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terminal station; and 

(g) compensating, when one of said 
transmission paths is interrupted, data of an 
interrupted transmission path by transmitting said 
data of the interrupted transmission path between said 
at least one redundant radio base station n and said 
terminal station . 



6 . A communication apparatus for a radio LAN 
system providing communication at a first transmission 
rate, said apparatus comprising: 

rate-conversion-and-distribution means for 
time-divisionally distributing a first signal of said 
first transmission rate into n-1 second signals (n = 
3, 4, . . . ) and respectively converting said n-1 second 
signals into n-1 third signals of a second 
transmission rate less than said first transmission 
rate ; and 

n-1 radio base stations transmitting said n- 
1 third signals of said second transmission rate to a 
terminal station connected to at least one terminal 
unit through radio transmission paths. 



7. The apparatus as claimed in claim 6, 
wherein said second transmission rate is l/(n-l) of 
said first transmission rate. 



8. The apparatus as claimed in claim 6, 
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further comprising: 

at least one summation means for generating 
a fourth signal by summing data of at least k (k<(n- 
1)) signals of said n-1 third signals of said second 
transmission rate every timeslots; and 

at least one redundant radio base station n 
transmitting said fourth signal generated in said at 
least one summation means to said terminal station. 



9, The apparatus as claimed in claim 6, 
further comprising: 

at least one redundant radio base station n 
transmitting a signal to said terminal station; 

line monitoring means for monitoring 
interruption of transmission paths between said n-1 
radio base stations and said terminal station; and 

switching means, when at least one of said 
transmission paths is interrupted, for forwarding a 
signal to be transmitted through an interrupted 
transmission path to said at least one redundant radio 
base station n. 



10. A terminal station used in a radio LAN 
system having rate-conversion-and-distribution means 
for time-divisionally distributing a first signal of a 
first transmission rate into n-1 second signals (n = 
3, 4, ...) and respectively converting said n-1 second 
signals into n-1 third signals of a second 
transmission rate less than said first transmission 
rate, and n-1 radio base stations transmitting said n- 
1 third signals of said second transmission rate to 



- 30 - 



said terminal station connected to at least one 
terminal unit through radio transmission paths, said 
terminal station comprising: 

a receiver receiving said third signals of 
said second transmission rate transmitted from said n- 
1 radio base stations; and 

rate-conversion-and-multiplex means for 
converting and multiplexing received third signals of 
said second transmission rate into signals of said 
first transmission rate. 



11. A terminal station used in a radio LAN 
system having rate-conversion-and-distribution means 
for time-divisionally distributing a first signal of a 
first transmission rate into n-1 second signals (n = 
3, 4, ...) and respectively converting said n-1 second 
signals into n-1 third signals of a second 
transmission rate less than said first transmission 
rate, n-1 radio base stations transmitting said n-1 
third signals of said second transmission rate to said 
terminal station connected to at least one terminal 
unit through radio transmission paths, at least one 
first summation means for generating a fourth signal 
by summing data of at least k (k<(n-l)) signals of 
said n-1 third signals of said second transmission 
rate for every timeslot, and at least one redundant 
radio base station n transmitting said fourth signal 
generated in said at least one first summation means 
to said terminal station, said terminal station 
comprising : 

a receiver receiving said third signals of 
said second transmission rate transmitted from said n- 
1 radio base stations; 

rate-conversion-and-multiplex means for 
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converting and multiplexing received third signals of 
said second transmission rate into signals of said 
first transmission rate; 

line monitoring means for monitoring 
interruption of transmission paths between said n-1 
radio base stations and said terminal station; 

at least one second summation means, when at 
least one of said transmission paths is interrupted , 
for generating a fifth signal by summing data of every 
timeslots of at least k signals of signals transmitted 
from said n-1 radio base stations except for a signal 
to be transmitted through an interrupted transmission 
path; 

at least one subtraction means for 
generating subtraction data between data of the signal 
transmitted from said redundant radio base station n 
and data of said fifth signal generated in said second 
summation means; and 

switching means for providing said 
subtraction data generated in said subtraction means 
to said rate-conversion-and-multiplex means instead of 
providing data of an interrupted signal detected in 
said monitoring means; 

wherein even when at least one of signals 
transmitted from said n-1 radio base stations is 
interrupted, data of the interrupted signal is 
compensated . 



12. A terminal station used in a radio LAN 
system having rate-conversion-and-distribution means 
for time-divisionally distributing a first signal of a 
first transmission rate into n-1 second signals (n = 
3, 4, ...) and respectively converting said n-1 second 
signals into n-1 third signals of a second 
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1 transmission rate less than said first transmission 
rate, n-1 radio base stations transmitting said n-1 
third signals of the second transmission rate to said 
terminal station connected to at least one terminal 

5 unit through radio transmission paths, at least one 
redundant radio base station n transmitting a signal 
to said terminal station, first line monitoring means 
for monitoring interruption of transmission paths 
between said n-1 radio base stations and said terminal 

10 station, and first switching means, when at least one 
of said transmission paths is interrupted, for 
forwarding a signal to be transmitted through an 
interrupted transmission path to said at least one 
redundant radio base station n; said terminal station 

15 comprising: 

a receiver receiving said third signals of 
the second transmission rate transmitted from said n-1 
radio base stations ; 

rate-conversion-and-multiplex means for 

20 converting and multiplexing received third signals of 
the second transmission rate into signals of said 
first transmission rate; 

second line monitoring means for monitoring 
interruption of transmission paths between said n-1 

25 radio base stations and said terminal station; and 

second switching means, when at least one of 
said transmission paths is interrupted, for providing 
the signal transmitted form said redundant radio base 
station to said rate-conversion-and-multiplex means 

30 instead of providing a signal to be transmitted 
through an interrupted transmission path; 

wherein even when at least one of signals 
transmitted from said n-1 radio base stations is 
interrupted, data of the interrupted signal is 

35 compensated. 
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ABSTRACT OF THE DISCLOSURE 

A communication method for a radio LAN 
system provides communication at a first transmission 
rate. In the method, a first signal of the first 
transmission rate it time-divisionally distributed 
into n-1 second signals (n = 3, 4, ...)• The n-1 
second signals are respectively converted into n-1 
third signals of a second transmission rate less than 
the first transmission rate. And, the n-1 third 
signals of the second transmission rate are 
transmitted through radio transmission paths between 
n-1 radio base stations and a terminal station 
connected to at least one terminal unit. 
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(Status: patented, pending, abandoned) 



(Status: patented, pending, abandoned) 



yGApptication Serial No.) (Filing Date) " 

"^Application Serial No.) (Filing Date) " 

TppWER OF ATTORNEY: 

ft niJ^T' -IT-f^' * her !j , y appoint the following attorneys and agent: James D. Halsey, Jr., 22 729- Harrv John Staas 
f2?,010; David M. Pitcher, 25,908; John C. Garvey, 28,607; J. Randall Beckers 30 358- James H Marsh jr %7m um ?- ' 

— ^L 0 '.,* 1 ! 1 "?' 36 ' 371 '* Michael D. Stein, 37,240; Paul I. Kravetz, 35,230; Gerald P. Joyce III 37 648- Todd f M^LlZ' 
3*,269; Michael Lau, 39,479; Beverly A. Pawlikowski, 36,404; John P. Kong, 40,054 and WU i am M Schertle^S i£ elSZty 
* pr °f!L Ute th,S a PP^*"tion and transact all business in the Patent and Trade^rk Office connS^ 

S: re ffi ^-ISOO 8 ™ 5 & HALSEY ' 700 ElSVenth StPeet ' N - W " SU, * te 5 °°< D.C., 200m^ catu 

^SJTi^j2 a V ar ^J? 1 * t ^ U , st ^ tements herein of my own knowledge are true and that all statements made on information 

iStt^f !?J? Cl . , ? Bd t0 5* tPUe; 8nd fUrther that these stateme "^ were made with the knol^e Xt ^i I If ul^a s^ 
^?ef^ and . the Uk ? 80 "S* are P»*«>»ble b V «ne or imprisonment, or both, under 18 U.S.C. §1001 and tha "such wi llful 
false statements may jeopardize the validity of the application or any patent issued therein. 1 



Full name of sole or first inventor Koji Aral 
Inventor's Signature G&LflAj 



Residence Kawasaki- shi . Kanagawa , Japan 



Date January 23 , 1997 



. Citizenship Japan 



Post office Address c/o FUJITSU LIMITED, 1-1, Kamikodanaka 4-chome. Nakahara-ktu Kawasaki-^hi . 

Kanagawa, 211 Japan 



Full name of second joint inventor, if any 
Second Inventor's Signature 
Residence 



Date 



Citizenship 



Post Office Address 



